This study aimed to assess the effect of different breeds and crosses of broiler chickens and sex on growth, carcass characteristics, and tissue composition. The experimental design was a completely randomized design in a 6 × 2 factorial scheme, with six genotypes (New Hampshire -NHS, Jersey Black Giant -JBG, Rodhe Island Red -RIR, Indigenous Giant -IG, and the hybrids IG × NHS and IG × JBG) and two sexes (male and female). Each treatment was composed of five replications with three broiler chickens, totaling 180 broiler chickens. Zootechnical performance and growth were assessed through the Gompertz equation parameters. After slaughtering at 105 days, the characteristics of carcass and main cuts were determined by means of weight, yield, and proportion of tissue constituents (meat, bone, and skin). Regarding the Gompertz equation parameters, the genotype NHS presented a higher growth potential. Males presented higher live weight and carcass weights, except for IG. No difference was observed between genotypes and sexes (P > 0.05) for carcass yield. The genotype JBG presented the highest average for breast yield (24.4%). Males presented the highest average for leg yield (30.5%). The genotype IG presented the highest value of breast meat yield (71.2%), being similar to the genotypes from the crosses IG × NHS, and IG × JBG (68.9 and 68.3%, respectively). For meat to breastbone ratio, the genotype IG presented the highest value (3.4) and, considering the sex, females presented a higher average (3.2) for this characteristic. Regarding the proportion of leg meat, an effect was observed for genotype and sex (P < 0.05) with the highest values observed for the hybrid IG × JBG and females (66.3 and 66.0%, respectively). For meat to leg bone ratio, the genotypes NHS, JBG, RIR, and IG × NHS presented the highest values (2.6, 2.7, 2.6, and 2.6, respectively), with females presenting the highest value (P < 0.05) (2.7). The genotypes IG, IG × NHS and IG × JBG presented the best growth and carcass characteristics, being recommended to be reared under an alternative system. Females presented the highest breast yield and, proportionally, the highest amount of leg meat, which are important attributes in a chicken meat production system. 
Introduction
In recent years, there has been a significant growth of alternative systems for rearing broiler chickens due to the modern demand of consumers for natural products with more pronounced flavors. This tendency was accompanied by an evolution in the genetic area, with the emergence of new strains of free-range broiler chickens that present rusticity and good productive indices (DEL CASTILHO et al., 2013) .
For profitability of this alternative poultry activity, the factors interfering with the most important carcass parameters for the market need to be taken into consideration, such as carcass, breast, and thigh yields, which are the most valued cuts and are directly influenced by genetics and sex (FARIA et al., 2010) . Differences between sexes can occur due to the effect of sexual dimorphism related to the production of androgen hormones, which are responsible for muscle anabolism (DEL CASTILHO et al., 2013) . The choice of genetics is essential for the economic return of poultry activity and production planning since the growth rate of bird can influence yield and carcass composition (SARICA et al., 2014; VELOSO et al., 2014) .
In this context, small and medium farmers have performed crosses between birds of different breeds and strains looking for characteristics such as rusticity, precocity, and mainly good yield indices of carcass and noble cuts for rearing broilers under extensive systems. However, the knowledge of the main characteristics of production, growth, and carcass is necessary for breed selection to be used in crosses of broiler chickens. Thus, the aim of this study was to assess the effect of different genotypes and sex on growth, performance, carcass characteristics, and tissue composition of broiler chickens recommended to be reared under an alternative system.
Material and Methods
The experiment was conducted in the Poultry Sector of the Department of Animal Science of the Federal University of Lavras (UFLA), Lavras, MG, Brazil, from July to October 2014. Breeds of broiler chickens used under alternative systems were selected for the experiment. The experimental design was a completely randomized design arranged in a factorial scheme (6 × 2) with six genotypes (New Hampshire -NHS, Jersey Black Giant -JBG, Rodhe Island Red -RIR, Indigenous Giant -IG, F1 generation resulted from the cross between Indigenous Giant roosters and New Hampshire fowls -IG × NHS, and F1 generation resulted from the cross between Indigenous Giant roosters and Jersey Black Giant fowls -IG × JBG) and two sexes (male and female), totaling 12 treatments. Each treatment consisted of five replications with three broiler chickens, totaling 15 broiler chickens per treatment and a total 180 broiler chickens (90 males and 90 females).
The diet for free-range broiler chickens was composed of three diet formulations considering their rearing phases: initial (1 to 30 days) without access to the grazing area, growth (31 to 55 days), and final (56 to 105 days) ( Table 1) . Thirty broiler chickens of each genotype were raised in an experimental unit of 90 m 2 with access to grazing, food, and water ad libitum. For the growth study, the parameters of the Gompertz equation were determined. The assessments of weight gain, feed intake, and feed conversion were performed according to the methodology of Del Castilho et al. (2013) . Data acquisition was only descriptive since the rearing of broiler chickens was conducted in separate pickets according to the genotypes.
Broiler chickens were weighed, identified, fasted for 8 hours, and slaughtered by cervical dislocation followed by bleeding at 105 days of age. After evisceration, carcasses were individually packed in plastic bags and cooled at 5 °C for a period of 24 hours, following the distribution of treatments and repetitions. Subsequently, these carcasses were weighed for calculating the carcass and cut yields, as well as tissue composition, as Faria et al. (2011) .
The data were analyzed by using the statistical program SISVAR ® . The variables with responses of significant effects in the analysis of variance for treatments and/or interactions were submitted to the Tukey's test at 5% significance. All procedures described were approved by the Ethics Committee on Animal Use (CEUA) of the Federal University of Lavras (protocol number 017/14).
Results and Discussion
Broiler chickens from the F1 generation from the crosses between Indigenous Giant (IG) and Jersey Black Giant (JBG) (IG × JBG) presented higher estimated values of live weight at maturity (W m ) ( Table 2 ). The highest value of maturity rate (b) was observed for the genotype New Hampshire (NHS), indicating that this genotype presents a higher daily weight gain and hence a higher growth potential (Table 2 ). In addition, NHS presented the lowest age for the maximum growth rate (T*), evidencing their higher precocity. As the age increases, growth rate slows and the moment at which the acceleration pattern changes characterizes the inflection point, corresponding to the T* value (KESSLER, 2000) . Parameter values of the Gompertz equation of all genotypes presented a high reliability, with R 2 values above 0.98 (Table 2 ).
A numerical difference was observed between genotypes for weight gain, feed intake, and feed conversion ( Table 2) . Higher values of weight gain were observed for broiler chickens from the genotypes NHS, IG × NHS, and IG × JBG. These results show that crossbreeding provided offspring with higher potentials of weight gain when compared to purebred birds used at crosses, which is mainly due to the hybrid vigor effect. In addition to being considered pure, the genotype NHS presents a great potential for lean tissue deposition in the carcass, which gives it a higher weight gain rate, being used in breeding programs that originated many current hybrids of broiler chickens (ALBINO et al., 2014) . Broiler chickens from the genotypes NHS and JBG presented the highest feed intake (Table 2) and, in general, a great potential of weight gain and deposition of lean tissue in the carcass (ALBINO et al., 2014) . According to Santos et al. (2005) , broiler chickens with genetic characteristics that provide higher growth rates, i.e. higher potentials of weight gain, present a higher feed intake due to their higher nutritional requirements to express their genetic potential.
The best values of feed conversion were observed for broiler chickens from the genotype Rodhe Island Red (RIR) and those from crosses between IG and JBG (IG × JBG) ( Table 2 ). In general, acceleratedgrowth broiler chickens are more efficient at converting ingested food into body weight gain than slow-growing broiler chickens (GONZALES et al., 1998) . However, broiler chickens with greater potential of weight gains such as those from the genotypes NHS and JBG presented worse feed conversion rates mainly due to higher feed intake values. Moreover, broiler chickens from crosses (IG × NHS and IG × JBG) presented better values of feed conversion when compared to purebred birds used at crosses such as IG, NHS, and JBG, which indicates a positive effect of crossing on the efficiency in converting the ingested food into weight gain.
An interaction between sex and genotype was observed for live weight, carcass, and legs (Table  3) . In this case, males presented the highest averages for all genotypes, except for the genotype IG, which did not show difference between sexes (Table 4) . Among males, the genotypes RIR and IG presented the lowest averages for these variables whereas this behavior was observed for the genotype RIR among females. In addition, the results were similar among the other genetic groups.
In general, this behavior is related to the sexual dimorphism (GONZALES; SARTORI, 2002; DEL CASTILHO et al., 2013) , in which males present a higher growth potential due to their capacity of muscular deposition (FARIA et al., 2011; MITROVIC et al., 2011) . Because the genotype RIR has better characteristics for egg production, they have lighter carcasses whereas broiler chickens from the genotype IG present later sexual maturity, which may have led to the lowest values of these variables since their gonads were not yet developed (ABCIG, 2016) . Higher values of live weight and carcass are characteristic of broiler chicken strains with higher growth potentials, which present a higher meat production capacity (SARICA et al., 2014; VELOSO et al., 2014) .
No effect of genotype and sex were observed for carcass yield values (Table 3 ). This result is regardless of genetic potential or sex category; and it would be related to the proportional growth rate between broiler chickens of the different tissues and organs (FARIA et al., 2010; MITROVIC et al., 2011; VELOSO et al., 2014) .
Male broiler chickens from the genotypes NHS, RIR, IG × NHS, and IG × JBG and female broiler chickens from the genotypes JBG and IG showed higher average values of breast weight. Among males, the genotypes RIR and IG presented the lowest average values of breast weight whereas, among females, the genotypes NHS and RIR presented the lowest values (Table 4 ). In general, broiler chickens from genotypes with a lower degree of breeding for meat production, such as RIR and IG, tend to show a less development of noble parts of the carcass, such as the breast.
The genotype JBG presented the highest average of breast yield when compared to NHS, however similar to the other genotypes (Table 4 ). These results indicated that the crosses provided individuals with similar characteristics of breast yield, which is associated with growth rate, muscle development, and proportion of red/white fibers (MADEIRA et al., 2006; FARIA et al., 2010; MIKULSKI et al., 2011; SARICA et al., 2014) .
In general, females presented the highest average values of breast yield, while males presented the highest values of leg yields (Table 3) . These results would be related to the effect of sexual dimorphism, as found in other studies (FARIA et al., 2011; DEL CASTILHO et al., 2013; SARICA et al., 2014) . (1) Tukey's test at 5% probability; Means followed by lowercase letters in the row indicate difference between sexes; ns Nonsignificant; *Significant at 5% probability;
(2)
Coefficient of variation;
(3) Carcass yield; (4) Edible viscera (liver + heart + gizzard);
Abdominal fat. Values with different superscripts in the same row or column are statistically different according to the Tukey's test at 5% probability; means followed by lowercase letters in the column indicate the difference between sexes; means followed by uppercase letters in the row indicate the difference between genotypes. Namely: NHS -New Hampshire; JBG -Jersey Black Giant; RIRRodhe Island Red; IG -Indigenous Giant; IG × NHS -F1 generation resulted from the cross between Indigenous Giant and New Hampshire; IG × JBG -F1 generation resulted from the cross between Indigenous Giant and Jersey Black Giant.
(1) Carcass yield.
An interaction between genotype and sex was observed for breast and leg meat weight (Table 3) . In all genotypes, males presented the highest values for these characteristics, except for IG, in which no differences between sexes were found (Tables  5 and 6 ). Among males, crossbred broiler chickens (IG × NHS and IG × JBG) presented the highest averages of breast meat weight when compared to RIR birds whereas similar values were found for the other genotypes. Among females, the genotypes IG and those from crosses (IG × NHS and IG × JBG) presented higher averages in relation to the genotypes NHS and RIR (Table 5) .
Considering the leg meat weight, the crosses IG × NHS and IG × JBG presented the highest averages among males, differing from the genotype of origin IG (Table 6 ). This shows a muscular increment with crossbreeding. However, this effect was not observed among females since no difference was observed in leg meat weight among origin genotypes (NHS, JBG, and IG) and those from crosses (IG × NHS and IG × JBG).
In general, crossbred broiler chickens (IG × NHS and IG × JBG), regardless of sex, presented higher values of breast and leg meat weight (Tables 5 and  6 ). This behavior indicates a greater deposition of muscle tissue due to protein anabolism and hybrid vigor associated with the sexual category and crosses between breeds (GONZALES; SARTORI, 2002). Values with different superscripts in the same row or column are statistically different according to the Tukey's test at 5% probability; means followed by lowercase letters (ab) in the column indicate the difference between sexes; means followed by uppercase letters (AB) in the row indicate the difference between genotypes. Namely: NHS -New Hampshire; JBG -Jersey Black Giant; RIR -Rodhe Island Red; IG -Indigenous Giant; IG × NHS -F1 generation resulted from the cross between Indigenous Giant and New Hampshire; IG × JBG -F1 generation resulted from the cross between Indigenous Giant and Jersey Black Giant.
A significant genotype effect was observed in the proportion of breast meat (Table 3) . In this sense, the genotype IG presented the highest average value for this characteristic, which was similar to the values found for crosses (IG × NHS and IG × JBG) (Table 5 ). In fact, IG broiler chickens present a large size and hence a higher proportion of breast meat. Due to the heterosis effect, broiler chickens from the F1 generation (IG × NHS and IG × JBG) also presented similar proportions. On the other hand, the genotype IG presented the lowest proportion of leg meat, but its crossing with the genotype JBG (IG × JBG) provided a significant improvement of this characteristic, with an average higher than that found for the genotype IG, but similar to the others genotypes (Table 6 ).
Broiler chickens from crosses between the genotypes IG and JBG (IG × JBG) presented a higher value of breastbone weight when compared to the genotypes RIR and IG, but similar to the other genotypes (Table 5) . Similar results were obtained for legs in which the broiler chickens of this genotype presented the highest average of bone weight, however similar to IG and broiler chickens from a cross between IG and NHS (IG × NHS ) (Table 6 ). Regarding the proportion of breastbone, no difference was observed between genotypes (Table 5) . However, the genotype IG presented a higher value for the proportion of leg bone when compared to the other genotypes (Table 6) , which confirms its breed pattern, i.e. a leg with long length and a well-developed bone structure (ABCIG, 2016) . Values with different superscripts in the same row or column are statistically different according to the Tukey's test at 5% probability; means followed by lowercase letters (ab) in the column indicate the difference between sexes; means followed by uppercase letters (AB) in the row indicate the difference between genotypes. Namely: NHS -New Hampshire; JBG -Jersey Black Giant; RIRRodhe Island Red; IG -Indigenous Giant; IG × NHS -F1 generation resulted from the cross between Indigenous Giant and New Hampshire; IG × JBG -F1 generation resulted from the cross between Indigenous Giant and Jersey Black Giant.
The variation in the amount of certain tissue will influence the proportion of other tissues and, in situations of similar weight, birds with a higher amount of muscle tissue will indicate individuals with a higher potential for growth and meat production (SOGUNLE et al., 2013) . This was also observed for females that presented a higher proportion of meat and a lower proportion of bone in the legs (Table 3) . Males presented a higher weight and proportion of bone for both cuts (Table 3) , which confirms their higher live weight and, consequently, a well-developed bone structure (MITROVIC et al., 2011; DEL CASTILHO et al., 2013) .
A difference between genotypes was observed for breast and leg skin weight (Table 3 ). In general, the genotype IG presented lower values for these characteristics, not differing from the genotypes RIR and NHS (breast skin weight) and RIR and IG × JBG (leg skin weight) (Tables 5 and 6 ). Regarding the proportion of skin, an interaction was observed between genotypeand sex for both cuts (Table 3) . For breast, a difference was observed between sexes only for the genotype NHS, with higher values for females (Table 5) . Among males, no difference was observed between genotypes for the proportion of skin. However, among females, the lowest value was found for the genotype IG, which was similar to the hybrid IG × JBG.
Regarding the leg, a difference was observed for the proportion of skin between sexes only for the genotypes NHS, JBG, and RIR, with the females presenting the highest averages (Table 6 ). In general, the genotypes NHS and JBG presented higher values of the proportion of leg skin for both sexes. The differences in weight and proportion of skin would be related to the influence of steroid hormones, which exert effects in its different layers such as the hypoderm, causing an increase in thickness and weight due to an increased volume of adipocytes that invade the superficial fascia (ISOLA et al., 2013) .
For meat to bone ratio in the breast, the genotype IG presented higher values when compared to those from the genotype NHS, but similar to the other genetic groups (Table 5 ). The lowest value for meat to bone ratio in the leg was observed for IG broiler chickens, but similar to IG × JBG (Table 6 ). This behavior indicates that the tissue deposition rates were different between chickens and may occur independently between cuts. In addition, a better balance in relation to this proportion and tissue composition may be obtained by crosses between different breeds, aiming at achieving a maximum efficiency in muscle development.
Regarding sex, females presented better average values of meat to bone ratio for both cuts (Table  3) . According to Gonzales and Sartori (2002) , this behavior can be explained mainly by the characteristics of sexual dimorphism, in which females present a less-developed bone structure, which is evidenced by the low values of bone weight found in our study for females.
An interaction was observed between genotype and sex for wing and back weight (Table 3) , in which males from all genotypes presented higher values, except for IG, which did not present differences between sexes (Table 7) . Among males, the genotypes RIR and IG presented the lowest averages for these variables. Among females, on the other hand, similar results were found, with the genotype RIR presenting the lowest values of wing and back weight (Table 7 ). These differences between genotypes are due to differences in the tissue growth rates, i.e. even when broiler chickens are slaughtered at the same age, slower-growing broiler chickens present lower bone development (FARIA et al., 2010 (FARIA et al., , 2011 SARICA et al., 2014) . Thus, because wing and back are composed mostly of bone tissue, lesser-developing broiler chickens, such as those from the genotypes RIR and IG, tend to have these cuts less heavy. However, neither genotype nor sex effects were observed for wing nor back yields (Table 7) . Values with different superscripts in the same row or column are statistically different according to the Tukey's test at 5% probability; means followed by lowercase letters (ab) in the column indicate the difference between sexes; means followed by uppercase letters (AB) in the row indicate the difference between genotypes. Namely: NHS -New Hampshire; JBG -Jersey Black Giant; RIRRodhe Island Red; IG -Indigenous Giant; IG × NHS -F1 generation resulted from the cross between Indigenous Giant and New Hampshire; IG × JBG -F1 generation resulted from the cross between Indigenous Giant and Jersey Black Giant.
(1) Edible viscera; (2) Abdominal fat.
Regarding the weight of edible viscera, an interaction was observed between genotype and sex (Table 3) , with males of all genotypes showing higher values (Table 7) . In fact, males present a greater food digestion efficiency since they have a higher body weight, making the organs involved in this process, such as liver and gizzard, to be more developed (MITROVIC et al., 2011) . For edible viscera yield, a significant effect was observed only for genotype (Table 3) , with the genotype RIR presenting higher yield when compared to other breeds (Table 7) . This is probably due to their lower average carcass weight (Table 4) , which may have increased the proportion and, consequently, the yield of edible viscera.
An interaction was observed between genotype and sex for abdominal fat yield (Table 3) . In this sense, a difference between sexes was observed only for NHS and JBG, with females presenting higher values (Table 7) . Santos et al. (2005) , Faria et al. (2011 ), Mitrovic et al. (2011 ), and Sarica et al. (2014 observed a higher average of abdominal fat yield in females, which is probably due to differences in growth rates between sexes. Because females present earlier maturity, they deposit a greater amount of fat in the carcass, mainly in the abdominal region (GONZALES; SARTORI, 2002).
For both sexes, the genotypes NHS and JBG presented higher abdominal fat yields (Table 7 ). An effect of genotype was observed on abdominal fat weight (Table 3) , with the genotypes NHS and JBG showing the highest averages (Table 7) . The fastest-growing broiler chickens achieved a peak of muscle growth and physiological maturity earlier than slow-growing broiler chickens. As a result, a growing portion of diet energy is converted into adipose tissue, which will accumulate first in the abdominal region (GONZALES; SARTORI, 2002) . Thus, the fastest-growing genotypes, such as NHS and JBG, tend to have a higher proportion of abdominal fat due to the lipid deposition be earlier in these broiler chickens.
Conclusions
The genotypes resulting from the crossing of different breeds of broiler chickens provided better results for meat production, with a higher growth potential, carcass characteristics, and muscular portion of both cuts.
In the production of chicken meat under an alternative system, females demonstrated a higher breast yield and a higher amount of meat in the leg despite producing lighter carcasses.
